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SUMMARY 


Momentum  transfer  during  impact  at  speeds  from  essentially  0  to 
25,600  feet  per  second  was  measured  by  a  simple  ballistic  pendulum. 

The  impacting  projectile  was  made  of  linear  high-density  polyethylene 
and  its  shape  and  mass  were  maintained  constant  throughout  the  experiment. 
The  impacted  target  was  made  of  2024-T4  aluminum.  The  resulting  ratio 
of  pendulum  momentum  to  projectile  momentum  varied  in  an  orderly  fashion 
throughout  the  entire  velocity  range,  reaching  a  minimum  of  1.0  at  about 
3,000  feet  per  second  and  increasing  to  1.9  at  the  highest  velocity 
of  25,600  feet  per  second. 

The  change  in  mass  of  the  target  was  also  obtained,  as  were  penetra¬ 
tion  data  for  this  combination  of  materials.  It  was  observed  that  the 
volume  of  the  crater  as  measured  directly  was  twice  the  volume  of  the 
crater  as  computed  from  the  target  mass  loss  at  speeds  above 
10,000  ft/sec.  Below  10,000  ft/sec  this  ratio  increased  rapidly  with 
decreasing  velocity. 

During  the  course  of  this  experiment  some  interesting  features  of 
impact  were  observed;  namely,  crater  formation  and  ejected  spray  patterns. 
First,  four  distinct  types  of  craters  were  discernible  within  the  test 
velocity  range.  These  changes  in  crater  formation  corresponded  with 
noted  variations  in  the  momentum  transferred  to  the  pendulum.  It  was 
also  noted  that  the  ejected  spray  patterns  showed  a  remarkable  resemblance 
to  the  ray  patterns  emanating  from  certain  craters  on  the  Moon  (e.g., 
Tycho,  Kepler,  and  Copernicus) . 


INTRODUCTION 

t 


The  ballistic  pendulum  was  introduced  to  the  scientific  world  in  1779 
by  Benjamin  Thompson.  Throughout  the  years  the  classical  ballistic  pendu¬ 
lum  has  changed  very  little.  A  block  of  material,  such  as  wood,  is  sus¬ 
pended  as  a  pendulum  and  a  bullet  is  propelled  from  a  gun  into  the  block. 
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A  scribe  attached  to  the  pendulum  records  the  pendulum’s  motion.  Knowing 
the  mass  of  both  the  pendulum  and  the  bullet,  and  transforming  the  pendu-  ' 

lum' s  motion  record  into  a  velocity  at  impact,  one  may  determine  the 
velocity  of  the  bullet  at. impact.  The  only  assumptions  required  for  this 
analysis  are:  the  pendulum's  motion  is  frictionless,  the  impact  is 
inelastic,  and  the  impact  is  direct  and  central. 

The  ballistic  pendulum  remains  to  this  day,  a  simple  instrument  for 
measuring  the  velocity  of  a  projectile,  provided  the  impact  is  inelastic. 

However,  if  the  mass  and  velocity  at  impact  of  both  the  projectile  and 
pendulum  are  known,  one  may  at  once  determine  the  apparent  elasticity 
involved.  To  be  more  specific,  the  ballistic  pendulum  may  be  used  to  A 

measure  the  momentum  transfer  when  two  bodies  collide.  It  was  this 
device,  with  only  minor  improvements,  that  was  used  to  provide  the 
measurements  of  momentum  transfer  at  impact  contained  in  this  report. 

This  research  was  instigated  for  several  reasons.  The  most  important 
was  to  investigate  the  nature  of  momentum  interchange  at  impact  as  applied 
to  piezoelectric  impact  detectors  employed  by  experimental  satellites. 

These  sensors  are  used  to  give  a  measure,  ultimately,  of  the  mass  of 
meteoritic  dust  particles  and  the  collision  frequency  of  these  particles 
upon  the  satellite  (refs.  1  and  2) .  While  the  present  tests  do  not 
duplicate  the  conditions  of  hypervelocity  impact  encountered  by  the 
satellite  and  its  impact  detectors,  namely,  the  size  parameter  and  parti¬ 
cle  material,  they  do,  however,  extend  nearly  to  the  threshold  of  mete¬ 
oric  speeds.  The  data  presented  can  be  used  to  form  a  good  engineering 
estimate  of  the  response  of  impact  detectors  to  hypervelocity  impact. 

During  the  past  six  years,  much  scientific  research  effort  has  been 
expended  in  the  field  of  hypervelocity  impact  (e.g.,  refs.  3  and  4).  A 
second  purpose  of  the  present  study  was  to  provide  additional  information 
on  hypervelocity  impact  phenomena. 

Data  are  presented  in  this  report  that  depict  the  variation  of  the 
ratio  of  pendulum  momentum  to  projectile  momentum  (a  measure  of  the 
apparent  elasticity  of  impact)  with  impact  velocity,  along  with  the 
variations  of  target  mass  loss,  crater  volume,  and  penetration  with 
impact  velocity.  Also  presented  are  pictorial  displays  of  craters  and 
resulting  patterns  of  ejected  spray. 


SYMBOLS 


sine  wave  amplitude,  ft 

diameter  of  crater,  in. 

model  diameter,  in. 

acceleration  due  to  gravity,  ft/sec2 
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length  of  pendulum  arm,  ft 

weight  of  pendulum,  lb 

target  mass  lose  due  to  cratering,  lb 

weight  of  model,  lb 

penetration  (depth  of  crater)  measured  from  undisturbed 
surface,  In. 


T  time  measured  in  pendulum  motion,  sec 

^measured  crater  volume  as  measured  directly,  In.3 
^computed  crater  volume  as  computed  from  target  mass  loss,  In. 
V  velocity  of  pendulum  at  impact,  ft/sec 

velocity  of  model  at  impact,  ft/sec 
axial  distance  measured  in  pendulum  motion,  ft 
pendulum  period,  sec 
phase  shift,  radians 
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EXPERIMENTAL  PROCEDURE 
Description  of  Apparatus 


This  experiment  was  conducted  in  the  Hypervelocity  Ballistic  Range 
of  the  Ames  Research  Center.  Models  were  cylinders  with  spherical  noses 
and  were  constructed  of  linear  high-density  polyethylene  as  shown  in 
figure  1.  Model  shape,  size,  material,  and,  consequently,  weight  were 
maintained  nominally  constant  throughout  the  tests. 

The  models  were  launched  in  free  flight  by  means  of  a  light-gas  gun 
(ref.  5)  at  velocities  above  10,000  ft/sec  and  by  means  of  a  standard 
20-millimeter  powder-gas  gun  at  velocities  between  1,500  and  10,000  ft/sec. 
Velocities  below  1,500  ft/sec  were  obtained  by  means  of  a  compressed-air 
chamber  attached  to  the  breech  of  the  20-mm  powder  gun.1  The  latter  two 
means  of  launching  the  models  were  chosen  instead  of  the  light-gas  gun, 
at  their  respective  velocity  ranges,  mainly  for  simplicity. 


xThe  data  at  a  velocity  of  11. 5  ft/sec  were  obtained  from  a  drop 
test  and  are  included  in  table  I. 
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Upon  leaving  the  gun,  the  models  flew  through  a  series  of  small 
ports,  through  two  spherical  tanks,  and  then  into  a  test  chamber.  This 
test  chamber  is  a  steel  tube  8  feet  in  diameter  and  about  500  feet  long. 
Spaced  along  the  first  80  feet  of  the  chamber  are  a  series  of  eight 
spark  shadowgraph  stations.  Six  of  these  stations  each  record  two  right- 
angle  views  of  the  model;  two  stations  record  one  view  only.  As  the 
model  flies  through  the  chamber,  it  interrupts  beams  of  light  placed  at 
each  of  these  eight  stations.  A  photocell  sensor  detects  the  passage  of 
the  model  and  induces  a  short-duration,  high- intensity  spark  to  dis¬ 
charge,  exposing  the  shadowgraph  film.  At  the  instant  this  spark  is 
discharged,  a  signal  is  fed  into  a  counter  chronograph.  Thus,  the 
position  time  history  of  the  model' s  flight  through  the  test  chamber  is 
recorded . 

The  ballistic  pendulum  was  suspended  at  a  distance  of  about  90  feet 
downrange  (lO  feet  past  the  last  spark  shadowgraph  station).  This  pendu¬ 
lum,  as  shown  in  figure  2,  was  simply  a  thin-walled  steel  tube  suspended 
by  the  classical  five-wire  system.  The  target,  made  of  10-  by  10-  by 
2-inch  thick  2024-T4  aluminum,  was  securely  attached  to  the  front  of  the 
pendulum.  Each  target  was  backed  up  by  a  similar  target  to  prevent 
spalling  from  the  back  of  the  test  target  at  the  higher  velocities.  The 
total  weight  of  the  pendulum  could  be  varied  to  some  extent  to  provide  a 
suitably  large  swing  at  the  lower  velocities.2 

To  measure  the  position  time  history  of  the  pendulum,  a  box 
containing  five  lamps  was  attached  to  the  side  of  the  pendulum  and  was 
viewed  by  a  camera  as  shown  in  figure  3»  Four  of  the  lamps  in  this  box 
were  steady  lights  and  one  was  a  flashing  light  which  flashed  at  pre¬ 
cisely  60  cycles  per  second  and  was  monitored  by  a  time-interval  counter. 
The  length  of  time  the  various  lamps  were  on  and  the  sequence  in  which 
they  were  turned  on  were  controlled  by  two  wiper  mercury  droplet  switches. 
These  switches  also  started  and  stopped  a  series  of  counter  chronographs 
which  timed  the  period  of  the  first  four  cycles  of  the  pendulum.  A 
reproduction  of  the  4-  by  5-inch  photographic  glass  plate  of  a  typical 
test  is  shown  in  figure  b.  The  total  swing  of  each  of  the  first  four 
successive  cycles  of  the  pendulum  is  given  by  the  steady  lights,  and 
the  initial  velocity  of  the  pendulum  is  derived  from  the  flashing  light. 


Data  Analysis 


The  following  assumptions  are  made  in  analyzing  the  data  of  this 
report:  (l)  the  motion  of  the  pendulum  is  frictionless,  and  (2)  the 
impact  is  direct  and  central.  If  these  assumptions  are  valid,  then  the 
ratio  of  the  pendulum  momentum  to  the  projectile  momentum 

MV/mvf  (l) 

2At  velocities  below  1500  ft/ sec,  in  order  to  obtain  suitably  large 
pendulum  motions,  it  was  necessary  to  construct  a  smaller  pendulum. 


indicates  apparent  elasticity  effects  in  the  form  of  model  bounce,  model 
splash,  and  crater  material  ejected,  or  combinations  thereof,  involved 
in  the  impact  phenomenon. 

The  assumption  of  frictionless  motion  of  the  pendulum  was  checked 
by  noting  the  maximum  swing  of  the  pendulum  during  four  complete  cycles 
after  impact  as  recorded  by  the  four  steady  lamps.  A  comparison  of  these 
swings  indicated  that  the  pendulum  damping  was  approximately  1  percent 
per  cycle. 

The  second  assumption  was  that  the  inqpact  was  direct  and  central. 

The  target  was  alined  on  boresight  at  a  distance  of  about  90  feet  from 
the  muzzle  of  the  gun.  The  maximum  miss  distance  was  4  inches.  If  the 
model  trajectory  is  assumed  to  be  a  straight  line  from  muzzle  to  target, 
the  resulting  angle  of  obliquity  is  less  than  1/4°,  so  that  the  impact 
may  be  considered  direct.  The  center  of  gravity  of  the  pendulum,  in 
this  case,  was  4  inches  off  the  line  of  impact,  which  definitely  was  not 
central.  However,  the  swing  of  the  pendulum  was  a  smooth  arc  owing  to 
its  very  large  mass  and  five-wire  suspension  system;  therefore,  the 
impact  may  be  considered  central.  The  miss  distance  of  4  inches  cited 
here  was  the  maximum  observed.  The  average  miss  distance  for  all  tests 
was  less  than  half  this  amount. 

The  weight  of  the  pendulum,  M,  was  measured  before  the  test.  The 
velocity  of  the  pendulum  at  impact,  V,  was  found  by  analyzing  the  time- 
distance  history  of  the  pendulum  as  recorded  by  the  flashing  lamp  on  the 
4-  by  5-inch  photographic  glass  plate  discussed  in  the  previous  section. 
The  glass-plate  data  were  read  and  recorded.  A  machine  computer  then 
fitted  the  raw  data  to  a  sine  function, 

x  =  A  sin(Jg/I  T  +  (p)  (2) 

by  the  method  of  least  squares.  The  constant, g/Z ,  was  determined  from 
the  equation3 


t  =  2  n/JZJT  (3) 

where  the  period,  T,  is  the  average  of  the  four  counter  chronograph 
readings  (see  previous  section) . 

The  weight  of  the  model,  m,  was  determined  prior  to  firing.  It 
should  be  noted  here  that  all  high-velocity  tests  were  performed  at  a 
chamber  pressure  of  about  1-mm  Hg.  This  was  done  to  prevent  any  mass 
loss  due  to  ablation  of  the  model,  since  the  calculations  were  based  on 
3The  pendulum  arm,  l ,  was  not  measured  directly  and  was  not  used  in 
equation  (2)  for  a  number  of  reasons.  First,  it  was  basically  more 
accurate  to  compute  it  from  the  pendulum  period.  Second,  the  length  of 
pendulum  arm  varied  slightly  with  pendulum  weight.  Third,  it  was  felt 
that  any  abnormalities  in  the  suspension  system  would  be  automatically 
accounted  for  this  way. 


the  weight  of  the  model  prior  to  firing.  Tests  at  lower  velocities 
(less  than  6,500  ft/sec)  were  performed  at  various  chamber  pressures  in 
order  to  obtain  proper  velocities  and  better  model  stabilization.  Mass 
loss  of  the  model  due  to  bore  friction  has  been  measured  by  other 
researchers  at  this  Center  (ref.  6) .  Based  on  this  work,  the  polyeth¬ 
ylene  model  used  in  this  experiment  would  lose  approximately  1  percent 
of  its  mass  as  a  result  of  bore  friction  when  launched  by  a  light-gas 
gun  at  a  velocity  of  20,000  ft/ sec.  An  analysis  of  all  parameters 
involved  indicates  that  in  the  determination  of  the  momentum  ratio  this 
variation  in  the  model  weight  controls  the  accuracy. 

The  velocity  of  the  model  at  impact,  v-,  was  determined  from  the 
range  data  in  the  form  of  a  plot  of  the  reciprocal  of  the  model  velocity 
versus  time  (ref.  7) •  An  extrapolation  to  the  target  is  necessary  but 
will  not  induce  significant  error,  since  it  is  located  less  than  10  feet 
from  the  last  spark  shadowgraph  station. 


DISCUSSION  OF  RESULTS 
Momentum  Transfer 


A  compilation  of  the  pertinent  data  is  presented  in  table  I.  A 
plot  of  both  the  momentum  ratio,  MV/mvf,  and  the  target  mass  loss  due 
to  cratering,  AM/m,  against  the  velocity  at  impact  is  shown  in  figure  5* 
Here  it  can  be  seen  that  both  quantities  vary  in  an  orderly  fashion 
with  Vf .  The  variation  of  pendulum  momentum  with  projectile  momentum 
is  presented  in  figure  6. 

For  velocities  of  about  2,000  to  4,000  ft/ sec  the  momentum  imparted 
to  the  pendulum  is  the  particle  momentum.  However,  at  the  higher  test 
velocities  the  momentum  imparted  increases  more  rapidly  than  the  particle 
momentum,  indicating  that  at  meteoric  velocities,  dust  sensors  could  very 
likely  respond  to  the  kinetic  energy  of  the  particle  (ref.  8) .  The 
changes  in  slope  of  the  curve  in  figure  6  deserve  some  comment.  The 
first  and  second  line  segments  intersect  at  a  point  corresponding  to  an 
impact  velocity  of  3 >100  ft/ sec.  This  marks  the  beginning  of  mass  loss 
in  the  target  and  corresponds  to  a  momentum  ratio  of  nearly  1.0,  the 
theoretical  minimum  barring  penetration  through  the  target .  At  this 
unique  point,  the  impact  is  almost  perfectly  inelastic;  that  is,  the 
projectile  appears  to  be  absorbed  by  the  target.  In  reality,  of  course, 
it  is  not.  Here  the  projectile  does  not  rebound  but  flows  nearly 
radially  so  as  not  to  contribute  to  the  initial  momentum  interchange  at 
intact.  The  next  two  breaks  in  the  curve  occur  at  impact  velocities 
of  10,400  and  19,000  ft/sec,  respectively.  As  will  be  discussed  in  the 
following  section,  these  velocities  correspond  closely  to  changes  in 
crater  formation  and  target  mass  loss.  Figure  6(b)  is  the  upper  section 
of  figure  6(a)  plotted  to  a  larger  scale  to  illustrate  these  points 
better. 
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Cratering 


The  dimensionless  penetration,  P/d,  is  plotted  against  the  impact 
velocity,  Vf,  in  figure  7*  The  "knee"  in  the  curve  is  attributed  to  a 
sudden  change  in  cratering  behavior  which  is  apparent  in  figure  8. 

There  appear  here  to  be  four  basic  cratering  regimes.  The  first  includes 
impact  at  low  speeds  up  to  about  10, OCX)  ft/sec  and  is  characterized  by  a 
smooth  bottom  and  attached  crater  lip.  In  this  regime,  the  penetration 
data  should  be  a  smooth  function  of  velocity.  The  second  regime  sets  in 
Just  above  10,000  ft/sec  and  extends  to  about  14,000  ft/sec.  Here  the 
crater  bottom  begins  to  show  small  pitting,  increasing  rapidly  with 
increasing  velocity.  Here  also,  the  crater  lip  has  broken  away  in  a 
tension  failure.  Transition  to  the  next  regime  is  observed  to  commence 
in  the  last  two  photographs  of  figure  8(b) .  A  large  piece  of  crater 
bottom  was  found  on  the  range  floor  following  round  MS- 142.  The  first 
of  these  photographs  shows  this  piece  in  place,  the  second  shows  it 
removed.  Since  there  is  no  apparent  change  in  the  slope  of  the  momentum 
curve  at  this  point,  as  seen  in  figure  6,  this  piece  undoubtedly  broke 
out  of  the  crater  and  singly  fell  to  the  floor.  From  14,000  to  about 
22,000  ft/sec,  the  crater  bottom  contains  numerous  large  faceted  pits. 
Since  the  penetration  is  measured  to  the  bottom  of  these  pits  rather 
than  to  the  bottom  of  the  crater  contour,  one  can  understand  the  occur¬ 
rence  of  the  "knee"  in  the  curve  of  figure  7*  Above  22,000  ft/sec, 
these  pits  reduce  in  size  and  increase  In  number,  returning  the  curve 
to  its  original  trend.  It  is  suspected  that  the  occurrence  of  this 
"knee"  is  highly  dependent  on  the  scale  of  the  experiment.  In  other 
words,  had  a  much  thicker  target  been  used  the  "knee"  may  have  shifted 
or  been  eliminated  altogether  at  these  velocities.  Reducing  the  size 
of  the  projectile  would  have  the  same  effect.  Preliminary  examination 
of  craters  produced  by  caliber  .22  polyethylene  projectiles  in  2024- T4 
aluminum  targets  does  indeed  bear  out  this  supposition.  It  should  be 
pointed  out  here  that  the  targets  used  in  this  experiment  were  not 
sufficiently  thick  to  be  considered  semi-infinite  in  this  speed  range. 
Therefore,  the  penetration  shown  may  be  slightly  greater  than  one  would 
obtain  with  true  semi -infinitely  thick  targets. 

Crater  volume  as  a  function  of  impact  velocity  is  shown  in  figure  9* 
First  a  liquid  was  used  to  measure  the  volume  of  the  crater  (^measured)*) 
next  the  volume  of  the  crater  was  computed  on  the  basis  of  target  mass 
loss  (Ucomputed) •  As  can  be  seen  the  ratio  of  these  parameters  is 
about  2  for  velocities  above  10,000  ft/sec.  By  observing  the  targets, 
one  can  speculate  that  local  deformation  of  the  target  material  is  the 
predominant  variable  involved.  As  pointed  out  in  the  previous  paragraph, 
these  "targets  cannot  be  considered  6emi- infinitely  thick  and  part  of  the 
discrepancy  in  the  volumes  could  be  attributed  to  target  bulge.  Below 
10,000  ft/sec  the  volume  ratio  increases  rapidly  with  decreasing  velocity. 
Here  it  is  apparent,  since  the  targets  may  be  considered  semi- infinitely 
thick,  that  the  difference  in  crater  volumes  is  due  only  to  deformation 
of  target  material.  Hence,  it  appears  likely  that  the  volume  ratio  will 
be  a  function  of  target  material,  specifically  target  strength. 
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A  simple  physical  analogy  can  help  explain  this  phenomenon.  If  one 
were  to  take  a  hall  peen  hammer  and  strike  the  aluminum  target,  a 
depression  would  he  formed.  The  depression  would  have  a  measurable 
volume,  hut  the  weight  of  the  target  would  remain  unchanged. 

This  discussion  points  out  the  hazard  of  using  the  crater  volume  as 
a  measure  of  the  mass  loss.  Large  discrepancies  can  he  encountered, 
depending  on  the  impact  velocity,  target  strength,  etc. 


Ejected  Spray 


Some  typical  patterns  of  ejected  spray  are  shown  in  the  photographs 
of  figure  10.  These  are  photographs  of  l/ 4- inch  plywood  sheets  which 
were  placed  17-3/4  inches  in  front  of  the  pendulum.  They  were  painted 
hlack  and  had  a  hole  cut  approximately  on  hore sight  to  permit  the  model 
to  pass  through  to  the  target.  The  surface  shown,  of  course,  is  that 
which  faced  the  target.  Several  interesting  features  are  illustrated 
by  these  photographs.  One  outstanding  aspect  is  the  presence  of  a  ray 
pattern  in  which  the  rays  do  not  emanate  from  the  point  of  impact.  This  i 
result  is  particularly  interesting  because  it  may  suggest  an  explanation 
for  the  fact  that  on  the  moon,  rays  do  not  emanate  from  the  center  of 
the  crater,  as  shown  in  figure  11. 

Another  feature  of  interest  is  the  eyelid  effect  and  offset  center 
of  the  basic  spray  pattern.  (This  circular  pattern  represents  a  concen¬ 
tration  of  ejected  material.)  These  have  been  found  to  correlate  with 
model  angle  of  attack  at  impact.  An  examination  of  figure  10  shows  that 
as  the  velocity  of  impact  is  increased,  the  diameter  of  the  basic  spray 
pattern  is  decreased.  Actually,  at  the  highest  test  velocities  it  was 
noted  that  much  of  the  spray  escaped  through  the  hole  and  wa6  found 
uprange.  This  indicates  that  the  direction  of  the  spray  becomes  more 
alined  with  the  axis  of  the  pendulum,  resulting  in  an  increased  momentum 
exchange.  To  repeat,  at  low-impact  velocities,  the  spray  is  ejected 
mainly  radially,  and  the  resulting  axial  velocity  component  is  small; 
hence,  a  low  M 7/mVf.  At  high-impact  velocities,  the  spray  is  ejected 
mainly  straight  back,  and  the  resulting  axial  velocity  component  is 
high;  hence,  a  large  MV/mvf. 

SUMMARY  OF  RESULTS 


Impact  momentum  transfer  has  been  determined  over  a  velocity  range 
from  essentially  0  to  25,600  ft/sec  by  a  simple  ballistic  pendulum.  The 
model  was  a  polyethylene  spherical-nosed  cylinder  and  the  target  was  made 
of  2024-T4  aluminum.  The  ratio  of  pendulum  to  projectile  momentum,  which 
is  a  measure  of  the  apparent  elasticity  of  impact,  varied  throughout  the 
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velocity  range,  reaching  its  highest  value  at  the  maximum  test  velocity. 
It  appeared  that  this  ratio  would  continue  to  increase  with  an  increase 
in  velocity. 

Data  were  also  determined  for  target  mass  loss  due  to  cratering  and 
penetration.  These  parameters  varied  smoothly  with  velocity  except  for 
a  knee  which  appears  in  the  plot  of  penetration  versus  velocity.  This, 
knee  is  due  to  a  change  in  crater  formation;  that  is,  large  faceted  pits 
are  noted  in  the  bottom  of  the  crater.  It  is  suspected  that  this 
phenomenon  may  be  highly  dependent  on  the  scale  of  the  experiment . 

Crater  volume  as  measured  by  a  liquid  was  twice  the  crater  volume 
as  computed  from  the  target  mass  loss  at  speeds  above  10,000  ft/sec. 
Below  10,000  ft/sec  this  ratio  increased  rapidly  with  decreasing  speed. 
It  is  speculated  that  target  strength  will  control  this  volume  ratio. 

An  interesting  similarity  of  the  rays  in  the  spray  patterns  to  the 
rays  present  on  the  moon  was  noted. 


Ames  Research  Center 
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TABLE  I.-  SUMMARY  OF  PERT: 


\ 

* 


Drop  height  =  24-75  in-  ~  vf  =  11 -52  ft/ sec;  bounce  =>  16-19  in.  -  M7/mv, 
■"With  piece  removed. 
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Figure  2. .  -  Pendulum . 
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gure  4.-  Reproduction  of  4-  by  5-inch  phol  'aphic  lo.  P-135)  • 
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(b)  Inset  (enlarged) . 
Figure  6.-  Concluded. 


Figure  7*-  Penetration  versus  impact  velocity. 
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(a)  First  regime. 
Figure  8.-  Impact  craters 


0>)  Second  regime. 

F  i  [*urv  ‘  -  Cont  i  nued 
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MS-  140  v *  =  14,795  I  MS.  136  vf  ■'IS, 925  I  MS-  135  v#  =  17,000 


(c)  Third  repime. 
Figure  8.-  Continued. 


(d)  Fourth  regime. 
Figure  8.-  Concluded. 


Figure  10.-  Ejected  spray  patterns. 
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F I  cure  10.-  Continued. 


Figure  LO .  -  ( 1  i .  •  id  L  • 
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Figure  11.-  Ray  patterns  on  the  Moon. 
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